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University of Singapore, Singapore • Dr. Siming You, Lecturer, University of Glasgow, UK EB2W is a virtual lab regarding the gasification-based conversion of energy and biochar from biomass/solid waste via linking the experts of gasification, renewable energy, waste management, and biochar. The program focuses on the technical research of conventional/solar gasification, the advanced cooling driven by waste heat from gasification-based CCHP system, and biochar, which covers wide scopes of chemical engineering, mechanical engineering, and environmental engineering. The proposed research program aims to build an inter-disciplinary collaboration, which promotes fundamental research and application design, using expertise from eight regions (South Korea, Japan, China, Taiwan, Hong Kong, Singapore, Canada, UK and Belgium). It is important to understand the relationships between electricity consumption and its influential factors because it is critical for planning electricity generation capacity and managing electricity supply. Policy makers and investors often rely on these relationships to evaluate the impact of energy conservation and governmental directives on electricity use. Understanding the fluctuations of household electricity consumption also serves an important input for the designing and optimization of new building-related energy plans, such as net zero energy building (NZEB) technologies and home performance with energy star programs. The auto-regressive distributed lag (ARDL) bound testing approach was used to study the relationships between the monthly household electricity consumption and outdoor PM2.5 concentration with the consideration of ambient temperature and the number of rainy days for Singapore and Shanghai.
The study shows that there are significant long-run relationships between the household electricity consumption and the regressors for both Singapore and Shanghai. For Singapore, a 20% increase in the PM2.5 concentration of a single month is in the long-run significantly related to a 0.8% increase in the household electricity consumption. This corresponds to an electricity overconsumption of 5.0 GWh, a total of 0.7 -1.0 million USD in electricity cost, and 2.1 kilotons of CO2 emission associated with electricity generation. For Shanghai, a 20% decrease in the PM2.5 concentration of a single month is in the long-run significantly related to a 2.2% decrease in the household electricity consumption. This corresponds to a 35.0 GWh decrease in the overall household electricity consumption, 1.6 -5.1 million USD decrease in electricity cost, and 17.5 kilotons of CO2 emission. The results suggest that the cost of electricity consumption should be included in the economic cost analysis of PM2.5 pollution in the future. A 1 o C increase in the monthly temperature is in the long-run significantly related to a 13.6% increase in the monthly electricity consumption for Singapore, while a 30 degree days increase in heating & cooling days (HCDD) is in the long-run significantly related to a 24.9% increase in the monthly electricity consumption for Shanghai. Biomass gasification for syngas and biochar co-production: Energy application and economic evaluation Zhiyi Yao, Siming You, Tianshu Ge and Chi-Hwa Wang* Recently, significant attention has been paid to the numerical modelling of gasification which plays an important role in understanding the various physiochemical aspects of interaction within the reactor of gasification. The model could be used as a cost-effective tool to predict and optimize the energy performance of gasification systems. However, most existing models focus only on the prediction of temperature profile and syngas composition without considering biochar production. Biochar is another valuable product from the gasification process due to its potential ability of improving soil quality and sequestering carbon. In this work, we developed a coupled Representative Particle Model RPM and fixed-bed model to predict the production rate and quality of both syngas and biochar. A three-region approach has been incorporated into the coupled transient representative particle and fix-bed model, which divided the reactor into three regions in terms of different fluid velocity profiles, i.e. natural convection region, mixed convection region, and forced convection region, respectively. The model could provide accurate predictions against experimental data with a deviation generally smaller than 10%. The model is applicable for efficient analysis of fixed-bed biomass gasification under variable operating conditions, such as equivalence ratio, moisture content of feedstock, and air inlet location. The optimal equivalence ratio was found to be 0.25 for maximizing the economic benefits of the gasification process.
Modelling concept of fixed-bed downdraft reactor Effects of air inlet location on syngas composition
Model-based economic analysis
Effects of air inlet location on the production and carbon content of biochar
Techno-economic and greenhouse gas savings assessment of decentralized biomass gasification for electrifying the rural areas of Indonesia
Siming You, Huanhuan Tong, Joel Armin-Hoiland, Yen Wah Tong and Chi-Hwa Wang* Extensive development of bioenergy systems has occurred in recent years, and a wide variety of systems have been proposed, with the aim of sustainably processing various biomass types and benefitting users of different socialenvironmental backgrounds. Indonesia is the largest energy consumer in Southeast Asia (SEA), and over 90% of electricity produced in Indonesia comes from fossil fuels, with coal accounting for over 50%, making Indonesia one of the largest greenhouse gas (GHG) emitters in the world. Apart from its environmental concerns related to electricity generation, Indonesia has also experienced great difficulty in expanding its current national grid and related energy services to remote rural areas, largely due to its archipelago geography and forested countryside. Indonesia has the highest biomass energy potential in the SEA region, with oil palm biomass being the dominant biomass source. In this work, we study the potential of decentralized gasification systems in the disposal of oil palm biomass and the electrification of rural areas in Indonesia in terms of both their techno-economic feasibility and environmental sustainability.
Two scenarios (V1 and V2, and M1 and M2) were proposed regarding the use cases of the village and mill, respectively. The capacity of the gasification systems in the V1 and M1 scenarios are determined by the total amount of oil palm biomass available in the village and mill, respectively. The capacity of the gasification systems in the V2 and M2 scenarios is determined by the respective electricity demand of the village and mill. Under the current daily demand per household (0.4 kWh), deploying the V2 system in 104 villages with 500 households each could save up to 17.9 thousand tons of CO2-eq per year compared to the current diesel-based practice. If the electricity could be fed into the national grid, the M1 system with 100% capacity factor could provide yearly GHG emissions mitigation of 5.8×10 4 ton CO2-eq, relative to the current boiler combustion-based reference scenario. Under the current electricity tariff (ET) (0.11 kWh) and the biochar price of 2650 USD/ton, daily household demands of 2 and 1.8 kWh were required to reach the break-even point of the mean NPV for the V2 system for the cases of 300 and 500 households, respectively. The average LCOE of V2 is approximately onefourth that of the reference scenario, while the average LCOE of V1 is larger than that of the reference scenario. Sensitivity analysis showed that the capital cost of gasification system and its overall electrical efficiency had the most significant effects on the NPV. Consequently, the PAC results clearly showed that none of the biochars were effective to increase the microbial community of heavy metal(loid)-contaminated soils in the short term. It could be because of the low volatile matter content and the low effective surface area for microbial growth in the tested biochars.findings in this study provide an optimistic future for ultimate carbon management since carbon neutral biomass and CO2 could be utilized as an initial feedstock for waste management, energy recovery, and biochar fabrication.Furthermore, this principle of CO2 might be able to be applicable in energy as well as air pollution control.
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Raman spectra (a) and FT-IR spectra (b) of biochars.
This study evaluated the feasibility of using biochars produced from three types of crop residues for immobilizing Pb and As and their effects on the abundance of microbial community in contaminated lowland paddy (P-soil) and upland (U-soil) agricultural soils. Biochars were produced from umbrella tree [Maesopsis eminii] wood bark [WB] , cocopeat [CP] , and palm kernel shell [PKS] at 500 °C by slow pyrolysis at a heating rate of 10 _C min_1. Soils were incubated with 5% (w w_1) biochars at 25 °C and 70% water holding capacity for 45 d. The biochar effects on metal immobilization were evaluated by sequential extraction of the treated soil, and the microbial community was determined by microbial fatty acid profiles and dehydrogenase activity. The addition of WB caused the largest decrease in Pb in the exchangeable fraction (P-soil: 77.7%, U-soil: 91.5%), followed by CP (P-soil: 67.1%, U-soil: 81.1%) and PKS (P-soil: 9.1%, U-soil: 20.0%) compared to that by the control. In contrast, the additions of WB and CP increased the exchangeable As in U-soil by 84.6% and 14.8%, respectively. Alkalinity and high phosphorous content of biochars might be attributed to the Pb immobilization and As mobilization, respectively. The silicon content in biochars is also an influencing factor in increasing the As mobility. However, no considerable effects of biochars on the microbial community abundance and dehydrogenase activity were found in both soils.
The fabricated supercapacitor showed high energy density of 30 Wh/kg with ~90% capacitance retention after 5000 charge-discharge cycles at room temperature at a power density of 50 W/kg. At -30 o C, the supercapacitor exhibited an energy density of 10.5 Wh/kg at a power density of 500 W/kg. The mechanism of the low-temperature performance excellence is likely to be associated with the concept of non-freezable water near the hydrophilic polymer chains, which can motivate future researches on the phase behaviour of water near polyampholyte chains.
Geochemical fractionation of metals in soils after the incubation
tested biochars. Furthermore, the biochar efficacy to increase the dehydrogenase activity is negligible in the considered soils. Therefore, the reduced biotoxicity of Pb by the biochars might not improve the microbial parameters in soils in a short term. We suggest further studies with slow pyrolyzed biochars at different temperatures for immobilization of heavy metal(loid)s and improving the microbial parameters in soils within a short term.
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substrates for a 30-d under optimal environmental conditions in a greenhouse. Shoot length and fresh/dry masses of cabbage, dill, and red lettuce plants grown in RB substrate were decreased by 49% on average compared to those plants grown in PL substrate. In contrast, PL + RB substrate led to approximately 2-fold increases in shoot length, number of leaves, and fresh/dry masses of leafy vegetable plants compared with those grown in PL substrate. Foliar nutritional composition and N flexible and self-healing supercapacitor with high energy density in low temperature operation was fabricated using a combination of biochar-based composite electrodes and a polyampholyte hydrogel electrolyte. Biochar is a carbon material produced from the low-temperature pyrolysis of biological wastes; the incorporation of reduced graphen oxide conferred mechanical integrity and electrical conductivity and hence the electrodes are called biochar-reduced-graphene-oxide (BC-GO) electrodes. A hydroponics system developed using a nutrient film technique was used to evaluate the effectiveness of rice husk biochar (RB) alone or in combination with perlite (PL) as substrates for increasing the growth of leafy vegetables compared with that of PL. Seedlings of cabbage, dill, mallow, red, lettuce, and tatsoi were grown hydroponically in PL, RB , and PL t RB (1:1 ratio of PL to RB, v/v) The search for effective materials for environmental cleanup is a scientific and technological issue of paramount importance. Among various materials, carbon nanotubes (CNTs) possess unique physicochemical, electrical, and mechanical properties that make them suitable for potential applications as environmental adsorbents, sensors, membranes, and catalysts. Depending on the intended application and the chemical nature of the target contaminants, CNTs can be designed through specific functionalization or modification processes. Designer CNTs can remarkably enhance contaminant removal efficiency and facilitate nanomaterial recovery and regeneration. An increasing number of CNT-based materials have been used to treat diverse organic, inorganic, and biological contaminants. These success stories demonstrate their strong potential in practical applications, including wastewater purification and desalination. However, CNT-based technologies have not been broadly accepted for commercial use due to their prohibitive cost and the complex interactions of CNTs with other abiotic and biotic environmental components. This paper presents a critical review of the existing literature on the interaction of various contaminants with CNTs in water and soil environments.
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